Background/Aims: To evaluate patients with portal hypertension (PH) of varied etiologies for portal hypertensive enteropathy (PHE) using the PillCam SB3 capsule endoscopy (CE) system. Methods: Consecutive patients with PH presenting with unexplained anemia and/or occult gastrointestinal bleeding were evaluated using the PillCam SB3 CE system. Abnormal findings were categorized as vascular or non-vascular. The patients with ongoing bleeding caused by PHE were treated. The correlation of the CE scores of PHE with the clinical, laboratory, and endoscopic features was determined. Results: Of the 43 patients included in the study, 41 (95.3%) showed PHE findings. These included varices (67.4%), red spots (60.5%), erythema (44.2%), villous edema (46.5%), telangiectasia (16.3%), and polyps (16.3%). The CE scores varied from 0 to 8 (mean±standard deviation, 4.09±1.8). Five patients (11.6%) showed evidence of ongoing or recent bleeding due to PHE. Three of these five patients underwent endotherapy, and one patient underwent radiological coil placement. Conclusions: The PillCam SB3 CE system revealed a high prevalence of PHE in the patients with PH. Using this system, evidence of bleeding due to PHE was found in a small but definite proportion of the patients.
INTRODUCTION
Esophageal and gastric varices are the most important consequences of portal hypertension (PH). 1 The existence and importance of other mucosal changes in the stomach and colon, often referred to as portal congestive gastropathy (PCG) 2 and colopathy, [3] [4] [5] [6] respectively, have also been documented. Endoscopic evaluation of the changes in the small intestines is challenging. Some studies have reported the occurrence of histological changes in the small intestines. [7] [8] [9] [10] [11] Capsule endoscopy (CE) and device-assisted enteroscopy are recent advances that allow the evaluation of abnormalities in the small intestinal mucosa. A few recent case reports and case series have reported CE findings in PH. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] However, such reports are scarce, and no study has reported the use of new third-generation CEs employing the recently launched PillCam SB3 CE system, which allows better and more comprehensive evaluation of the small intestines. [24] [25] [26] Thus, in the present study, we aimed to evaluate the small intestines of patients with PH using the PillCam SB3 CE system.
MATERIALS AND METHODS
This study was conducted from October 2016 to January 2017 and included 43 consecutive patients with PH who presented at our institute with unexplained anemia or occult gastrointestinal bleeding. This study was approved by our Institutional Review Board.
All patients were diagnosed with PH based on the clinical findings of ultrasonography and upper gastrointestinal en-doscopy. The etiology of PH was evaluated on the basis of the patient history (alcoholism, drug use, etc.), liver function test findings, serological test findings (Hepatitis B surface antigen and antibodies against Hepatitis C virus), and other blood parameters (S-ceruloplasmin levels and autoimmune marker positivity) when required. The type of anemia was determined on the basis of red blood cells morphology as well as serum iron content, iron-binding capacity, and ferritin and vitamin B12 levels when required. Fecal occult blood test was performed if necessary. Upper gastrointestinal endoscopy and colonoscopy were performed to detect ongoing bleeding as well as its source if present. In addition, the patients suspected of having hypersplenism underwent splenic sequestration study. The exclusion criteria were as follows: age of <12 years, evidence of congestive cardiac failure, and history of non-steroidal anti-inflammatory drug use in the last 1 month.
The following patient data were recorded: age, sex, etiology of PH (alcohol, virus, etc.), platelet count, liver function test results, Child-Pugh class, and model for end stage liver disease (MELD) score. The presence and grade of esophageal varices (small: <5 mm, large: >5 mm), PH gastropathy (mild/severe), 2 and gastric varices were evaluated using upper gastrointestinal endoscopy. The presence of colonic varices and colopathy was assessed using colonoscopy. History of recent gastrointestinal bleeding was also recorded. History of endotherapy in the form of band ligation for esophageal varices and glue injection for gastric varices was also noted.
The PillCam SB3 CE system (Given Imaging, Yoqneam, Israel) along with the Rapid Reader Software v8.0 was used for CE. All patients were asked to fast overnight prior to the procedure, and 2 L of polyethylene glycol was used to prepare their small intestines for CE. Progression of capsule was confirmed via real time visualization. If the capsule remained in the stomach 90 minutes after ingestion, 25 mg of levosulpiride was injected intravenously.
The CE findings were evaluated by two experienced observers with an experience of >1,000 CE assessments. In case of any difference in opinion, the observers had discussions to reach an agreement. The CE findings were characterized as normal or abnormal. The presence of blood or ongoing bleeding observed during CE was also noted. The abnormal findings were characterized as vascular (red spots, telangiectasia, or varices) and non-vascular or inflammatory (villous edema, erythema, or polyps). The number and sites (proximal/ middle/distal) of these abnormalities were also noted. These endoscopic findings have been previously characterized and defined. 27 A scoring system (modified from that described by Abdelaal et al. 18 and Kodama et al.
28
) was used to score the abnormal findings. A score of 1 each was given for the presence of any of the six findings if they were solitary and a score of 2 each if they were numerous. Thus, the score could range from 0 (normal CE) to 12 (presence of all six types of lesion, two or more in number). Esophageal and gastric findings revealed by CE, including the presence of esophageal varices, gastric varices, and PCG, were also recorded. The patients with ongoing bleeding in the small intestines were treated with endotherapy or radiological intervention.
The endoscopic scoring of portal hypertensive enteropathy (PHE) based on the CE findings was correlated with age and sex of the patients, history of gastrointestinal bleeding and endotherapy, hemoglobin level, platelet count, international normalized ratio (INR), albumin level, bilirubin level, alanine aminotransferase level, Child-Pugh class, MELD score, presence and grade of esophageal varices, presence of gastric varices, portal hypertensive gastropathy, colopathy, and colonic varices. Continuous data with normal distribution were presented as means and standard deviations (SDs). Qualitative variables were compared using the chi-square test or Fischer' s exact test. Quantitative variables were compared between the groups using the Student' s t-test. P<0.05 was considered to indicate statistically significant differences.
RESULTS
In total, 43 patients fulfilled the inclusion criteria during the study period. Two patients had extrahepatic PH, whereas the 41 remaining patients had cirrhosis of varying etiologies (alcohol: eight patients, viral: 12 patients, and etc.: 21 patients). The demographic data and clinical and laboratory profiles of these patients are presented in Table 1 .
No patient showed any adverse effect after CE. Small bowel preparation was excellent, and capsule retention was not observed in any patient. Only two patients required intravenous injection of levosulpiride to accelerate the capsule movement. The CE findings were normal in only two patients; one or more abnormalities were observed in the 41 (95.3%) remaining patients. Table 2 presents the CE findings of the small intestines of all study patients. Flat, nodular, or elevated varices were the most common finding in 67.4% of the patients, followed by red spots (60.5%), erythema (44.2%), and villous edema (46.5%). Telangiectasia and small intestinal polyps were the least common findings (each in 16.3% of the patients).
Figs. 1 and 2 present the endoscopic images of the vascular and non-vascular findings, respectively.
The presence of fresh blood (Fig. 3) suggestive of ongoing or recent bleeding in the small intestines was observed in five patients (11.6%). The exact cause of bleeding could be identified in four of these five patients: red spots in two patients, varix in one, and telangiectasia in one. Three of these five pa-tients had viral hepatitis B; one had hepatitis C; and one had alcoholic cirrhosis. The site of involvement was the proximal small intestines in 34 patients, middle small intestines in 22, and distal small intestines in 26. Thirty-two patients (78%) had more than one site of involvement. Of the nine patients with only one segment involved, eight patients had proximal segment involvement.
The CE scores varied from 0 to 8 (mean±SD, 4.09±1.8). Table 3A and B present the correlation of the CE scores with the various clinical, laboratory, and endoscopic parameters. Only three parameters, i.e., history of gastrointestinal bleeding, large size of esophageal varices, and non-alcoholic etiology of liver disease, were correlated with the endoscopic scores. No other parameter (i.e., age, sex, hemoglobin level, platelet count, INR, albumin level, bilirubin level, ascites, history of endotherapy, PCG, colopathy, gastric and colonic varices, Child-Pugh class, and MELD score) was correlated with the CE scores.
Upper gastrointestinal endoscopy revealed esophageal varices in 34 patients, gastric varices in six, and PCG in 33. CE could detect the lesion in 28 of the 34 patients with esophageal varices (82.4%), in none of the six patients with gastric varices (0%), and in 31 of the 33 patients with PCG (93.9%). The comparison of the CE features between the bleeding group (n=5) and the non-bleeding group (n=38) revealed a significant difference in the CE scores (mean±SD, 4.26±1.83 and 2.8±0.84; p=0.033); all other parameters were similar between the two groups.
All patients with positive CE findings in the small intestines were administered or continued with β blockers. Three patients underwent endotherapy with intravenous injection of a sclerosant for variceal bleeding (n=1) or argon plasma coagulation for non-variceal bleeding (n=2). One patient with jejunal bleeding was successfully treated with radiological coil placement.
DISCUSSION
PH often results in the development of varices at the sites of porto-systemic anastomosis.
1 It may also be associated with mucosal abnormalities at various sites in the gastrointestinal tract, collectively called portal hypertensive intestinal vasculopathy. [2] [3] [4] [5] [6] Owing to the poor accessibility of the small intestines, data on the endoscopic findings of the jejunum and ileum are limited. [7] [8] [9] [10] The prevalence of PHE is high and varies from 40% to 96.8%, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] as shown in Table 4 . This variation in the prevalence among studies may be attributable to the differences in their methodologies, particularly in the inclusion and exclusion criteria as well as in the definition of the various reported lesions. Moreover, the type of CE system used in the studies is also variable as most studies used first-or second-generation capsule systems.
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The new third-generation CE system with the SB3 capsule and Rapid Reader Software v8.0 launched in 2016 is the most advanced system. It has an adaptive frame rate permitting the transmission of up to six frames per second according to the gut peristalsis rate and has better optics. 26 These capsules have approximately 12 hours of battery life, allowing complete views of the small intestines. Reportedly, the SB3 capsule has Values are presented as mean±standard deviation. A B D C E better sensitivity than previous-generation capsules. 24, 25 Thus, the high prevalence of PHE based on the CE findings could be attributable to the ability of detection of the SB3 CE system. The nomenclature used to describe various CE findings of PHE is variable among different studies. The literature describes PHE changes as mucosal edema, loss of vascularity, friability, hyperemia, red spots, angiodysplasia, pigmented black-brown spots, granularity, inflammatory polyps, and varices. 21, 23, 27 Interpretation of these lesions is subjective with considerable overlapping. We broadly divided the PHE changes into vascular and non-vascular/inflammatory lesions, and each type of lesions was further subdivided into three categories ( Table 2 ). The overall relative prevalence of these lesions is consistent with reported data. 27 However, the higher prevalence of varices in our study could be attributable, at least partly, to the use of an advanced CE system, which allows better and more comprehensive evaluations. CE revealed that the PHE changes were widely distributed in the entire length of the small intestines and often involved more than one site. However, the proximal small intestines were the most common site of involvement. Very few studies have evaluated the location of PHE. [16] [17] [18] [19] [20] [21] Although Goulas et al. 21 noted changes in both the jejunum and ileum, Aoyama et al. 16 found the proximal and middle small intestines to be the common sites of involvement. Using test for significance of correlation.
Although PHE is now an accepted condition because of CE studies, the exact significance of the lesions is not yet clear. PHE changes may be asymptomatic or could cause anemia. 27 Occasional cases of bleeding due to PHE, particularly from small intestinal varices, are well documented. [11] [12] [13] 29 In the present study, blood was observed in the small intestines of 11.3% of the patients, suggesting bleeding due to PHE. In previous studies, active bleeding lesions were observed in up to 17.8% of patients, with bleeding occurring more commonly from vascular lesions than from non-vascular/inflammatory lesions. 17, 23, 27 Reports on the association of PHE with various demographic, clinical, and laboratory parameters are contradictory. 18, 23, 27 Most of the studies, including the present study, have found a direct correlation between PHE and the presence of large esophageal varices. 18, 23 The study by Goulas et al. 21 and the present study found no association between PHE and advanced Child-Pugh class, which is contradictory to the findings of some other studies. Further, no association was found between the history of endotherapy for esophagogastric varices and PHE score on CE, which is consistent with the finding of a previous study. 21 The PHE score was higher in patients with a viral etiology of liver disease and in those with a history of gastrointestinal bleeding. Previous studies have also demonstrated a correlation of PHE with the computed tomography findings of PH 17 and high liver stiffness revealed by FibroScan. 18 Because of the limited studies on the clinical significance of PHE, no clear treatment is yet available. We used sclerotherapy to treat one patient with varix and argon plasma coagulation to treat two patients with inflammatory lesions. One patient with endoscopically inaccessible lesion was treated with angio-embolization. These therapeutic interventions have also been reported in previous case reports. [30] [31] [32] Polypectomy and argon plasma coagulation have been previously used for treating polypoidal lesions caused by PHE. 27, 33 The use of transjugular portosystemic shunt in some cases has also been reported. 34, 35 In the present study, we also evaluated the role of the SB3 CE system in assessing esophagogastric lesions in PH. This system was found to be highly sensitive in detecting PCG (93.9%) and fairly sensitive in detecting esophageal varices (82.4%). These results are somewhat better than those of previous-generation SB capsules, including esophageal capsules. 36, 37 However, the system could not detect any of the six gastric varices probably because gastric varices are present as more localized lesions than PCG. The strength of our study is the use of the SB3 CE system. However, the lack of a control group and follow-up data is a limitation. Further, we could not comment on the relationship between completeness (battery life) and prevalence. The significance of some of the detected lesions can be evaluated only with a longitudinal follow-up of these patients.
In conclusion, to the best of our knowledge, this is the first study on PHE that used a third-generation CE system. The system detected a high prevalence of PHE, particularly that of small intestinal varices. A small but definite proportion of the patients demonstrated bleeding due to PHE and could be successfully managed with endotherapy or radiological intervention.
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